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1. Cellulose acetate nanofiber electrospinning2  
APPROACH RESULTS AND DISCUSSION 
SUMMARY 
Cellulose Nanofiber Composite Membranes for Water Purification 
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I. II. Membrane preparation and characterization 
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MOTIVATION 
To design a high-productivity, adsorptive composite microfiltration 
membrane for removal of metal ions from impaired waste waters.  
I. Membrane preparation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Generic correlation showing typical trade-off 
between permeability and metal removal (or 
selectivity in the case of RO) 
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Permeability 
RO 
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Basic Concept of Nanofiber-based Adsorptive 
Composite Microfiltration Membrane 
Surface & cross-section morphology  SEM, CLSM 
Surface functionalization  ATR-FTIR 
SEM images of cellulose acetate 
nanofiber  mats before (A) and 
after (B) annealing, after 
hydrolysis (C), poly(acrylic acid) 
(D) and poly(itaconic acid) (E) 
modified nanofibers. 
Water flux measurements: the 
pure water permeabilities of 
nanofiber mats before and after 
annealing at 90 °C for 30 s and 2 
min are much higher than 
commercial, barrier-type 
membranes such as RO and NF. 
Surface morphology:  
• electrospun fibers have a diameter in the submicron range (200 - 500 
nm). 
• Annealed cellulose acetate and regenerated cellulose nanofibers were 
fused together5. 
• Regenerated cellulose nanofiber mats after coating by poly(acrylic 
acid) and poly(itaconic acid) were covered by clumps of polymer 
aggregates.  
Electroplating, metal finishing, 
 and batteries  
 
Heavy 
metal 
ions 
Effluent 
from 
industry 
Standard 
(PCD) 
Cd2+  1-10   mg/l ≤ 0.03 mg/l 
Ni2+  10-40 mg/l ≤ 1.0 mg/l 
Permeability Selectivity Metal Ion Binding Capacity 
Reverse osmosis (RO) LOW HIGH n/a 
Membrane adsorber (MA) HIGH can be HIGH LOW 
Nanofiber adsorber (NA) 
(with surface ligands) HIGH can be HIGH MED 
Nanofiber adsorber (NA) 
(with polymeric ligands) HIGH can be HIGH HIGH 
Surface area 
increase 
Ligand 
density 
increase 
• Electrospinning produces cellulose acetate fibers with uniform submicron-scale diameter. 
• Fiber morphology depends on relative humidity, with high-quality fibers prepared at RH > 65%. 
• Pure-water permeabilities of the nanofiber composites are orders of magnitude higher than RO. 
• Chemical modification of regenerated cellulose fibers will be needed for metal ion binding. 
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II. Membrane characterization 
III. Membrane performance testing 
III. Membrane performance testing 
NA 
Target Outcome: High-permeability 
Membrane with High Metal Ion Capacity 
Global demand for water is increasing 
due to population growth1. 
 
Developing countries require more clean 
water to improve quality of life.  
 
Simultaneously, world demand is 
increasing for batteries, especially 
lithium- and nickel-based batteries, to 
power electronics and motor vehicles.  
 
Materials are needed for removal of metal 
ions from industrial waste water effluents 
to ensure their proper disposal without 
jeopardizing drinking water sources. 
Flux measurements  stirred cell 
Metal binding capacity/selectivity  batch & flow cell 
Membrane regeneration  batch & flow cell 
4. Bliznyuk, V., Galabura, Y., Burrtovyy, R., Karagani, P. Lavrik, N, Luzinov, Physical Chemistry 
Chemical Physics, 2014, 16, 1977-1986. 
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Direct-flow  Feed  Low P 
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Nanofiber mat 
Polymer with chelating  
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Heavy metal ions 
Water molecules 
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3. Hydrolysis reaction4 
4. Membrane modification by “Polymer graft to method”5 
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2. Annealing process3 
 Hydraulic press 
 90 °C, 5000 lbs, 2 min 
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• Epoxy functionalization by ATRA 
• Polymer coating 
NEXT STEPS 
• Characterization of nanofiber mat cross-section 
morphology 
• Metal ion binding capacity and selectivity studies 
using nanofiber composite membranes 
STATEMENT OF PURPOSE 
ATR-FTIR spectra of annealed cellulose 
acetate fibers before (A) and after hydrolysis: 
0.5 h (B), 1 h (C), 2 h (D), 5 h (E) and 10 h (F). 
ATR-FTIR spectra of regenerated cellulose 
nanofiber mat (A), poly(itaconic acid) (B) and 
poly(acrylic acid) (C) 
Fiber chemistry characterization:  
• Absorbance by the acetyl group at 1740 cm-1 decreased following 
hydrolysis with 0.1 M NaOH. 
• A broad peak appears centered at 3350−3400 cm-1 that is assigned to 
OH stretching in cellulose. 
• Hydrolysis was complete (>90%) after treatment for 2 h. 
Polymer coating characterization:  
• absorbance by C=O stretching of carboxylic acid groups of poly(acrylic acid) and poly(itaconic acid) 
appear at 1730 cm-1. 
• The broad peak assigned to OH stretching in cellulose decreased slightly following polymer grafting.  
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